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(57) ABSTRACT

An amplifying apparatus, including an amplitude-phase con-
version unit to separate an input signal into first and second
signals, wherein a phase difference between the first and
second signals depends on an amplitude of the input signal, a
first amplifying unit, a first matching circuit including a main
line and a first harmonic processing circuit, wherein a length
of the line of the first harmonic processing circuit short-
circuits a harmonic, a second amplifying unit, a second
matching circuit including a main line and a second harmonic
processing circuit, wherein a length of the line of the second
harmonic processing circuit short-circuits a harmonic, and an
output synthesis unit to synthesize outputs from the first and
second matching circuits, wherein a distance from the first
amplifying unit to the first harmonic processing circuit differs
from a distance from the second amplifying unit to the second
harmonic processing circuit.
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1
AMPLIFYING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2013-
139033, filed on Jul. 2, 2013, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments described herein are related to an ampli-
fying apparatus.

BACKGROUND

Wireless base stations such as mobile phone networks
amplify and send CDMA signals and OFDM signals. The
differences between the average values and the peak values of
the transmission powers of these signals roughly range from
7 dB to 10 dB. A normal high-frequency power amplifier
faces a problem that the conversion efficiency from power
source to high-frequency power for the peak output power is
high whereas the conversion efficiency for the average output
power is low and the power consumption increases. There-
fore, various types of high-frequency power amplifiers have
been developed including Doherty type amplifiers and Out-
Phasing type amplifiers, with which the conversion efficiency
for the average output power can be high and the power
consumption can be decreased.

In a general wireless base station, a signal processing unit
processes transmitting signals to suppress the peak powers
and distorts the signals and then the transmitting signals are
input into an amplifier.

FIG. 1 is a diagram illustrating a configuration example of
a Doherty type amplifier. A signal processing unit in the
Dobherty type amplifier processes transmitting signals and the
processed signals are subject to a frequency conversion and
converted into a frequency used for transmission. The con-
verted signals are branched into a carrier amplifier and a peak
amplifier. The carrier amplifier is generally biased from Class
B to Class AB so as to start the operation from an area in
which the input signal power is low. On the other hand, the
peak amplifier is generally biased to Class C so that the peak
amplifier does not operate in the area in which the input signal
power is low and the amplifying element is switched off so
that the power consumption is kept low. Thus, the carrier
amplifier operates and the peak amplifier does not operate
until the input signal power reaches a certain level. And the
conversion efficiency of the amplifier maximizes at the level.
After the input signal power exceeds the level, the peak ampli-
fier starts to operate and the output power increases. And the
conversion efficiency decreases once and then maximizes
again atthe level in which both amplifiers reaches a saturation
range. In the Doherty type amplifier, a A/4 line is inserted
between the carrier amplifier and the output coupled point.
The A/4 line converts the output load impedance to imped-
ance near the high-efficiency operation point of the carrier
amplifier when the peak amplifier is switched off. It is noted
that the A generally means a wave length at a center frequency.

FIG. 2 is a diagram illustrating a configuration example of
the Out-Phasing type amplifier. A signal processing unit in the
Out-Phasing type amplifier processes transmitting signals
and the processed signals are separated into two signals with
different phases and certain amplitude by an amplitude phase
conversion unit. The processed signal is separated into two
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reversed-phase signals when the amplitude of the processed
signal is zero and into two in-phase signals when the ampli-
tude of the processed signal maximizes. The two separated
signals are subject to a frequency conversion and converted
into signals with frequencies used for transmission and input
into amplifying elements. Since signals with the fixed ampli-
tude are input into the amplifying elements, the amplifying
elements can operate with high conversion efficiency. Each
output from the amplifying elements is subject to a vector
synthesis in a synthesizer. As a result, the synthesizer outputs
the input signals as amplified transmitting signals. The syn-
thesizer generally includes the first transmission line and the
second transmission line with the total length of the half
wavelength. The efficiency of the Out-Phasing type amplifier
can be high even at the output power level below the peak
output power.

Patent Document

[Patent document 1] Japanese Laid-Open Patent Publication
No. 2009-213090

[Patent document 2] Japanese Laid-Open Patent Publication
No. 2008-135829

[Patent document 3] Japanese Laid-Open Patent Publication
No. 2012-134823

[Patent document 4] Japanese Laid-Open Patent Publication
No. 2005-57703

Non-Patent Document

[Non-patent document 1] S. C. Cripps, P. J. Tasker, A. L.
Clarke, J. Lees, J. Benedikt, “On the Continuity of High
Efficiency Modes in Linear RF Power Amplifiers,” IEEE
Microwave and Wireless Components Letters, vol. 19, no.
10, pp. 665-667, October 2009.

SUMMARY

According to an aspect of the embodiments, it is provided
an amplifying apparatus, including an amplitude-phase con-
version unit to separate an input signal into a first signal with
a predetermined amplitude and a second signal with the pre-
determined amplitude, wherein a phase difference between
the first signal and the second signal depends on an amplitude
of'the input signal, a first amplifying unit to amplify the first
signal, a first matching circuit including a main line con-
nected with the first amplifying unit and a first harmonic
processing circuit connected with the main line, wherein a
length of the line of the first harmonic processing circuit
short-circuits a harmonic from the first amplifying unit, a
second amplifying unit to amplify the second signal, a second
matching circuit including a main line connected with the
second amplifying unit and a second harmonic processing
circuit connected with the main line of the second matching
circuit, wherein a length of the line of the second harmonic
processing circuit short-circuits a harmonic from the second
amplifying unit, and an output synthesis unit to synthesize an
output from the first matching circuit and an output from the
second matching circuit, wherein a distance from the output
side of the first amplifying unit to the first harmonic process-
ing circuit via the main line of the first matching circuit differs
from a distance from the output side of the second amplifying
unit to the second harmonic processing circuit via the main
line of the second matching circuit.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.
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It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration example of
a Doherty type amplifier;

FIG. 2 is a diagram illustrating a configuration example of
an Out-Phasing type amplifier;

FIG. 3 is a diagram illustrating a configuration example of
an ordinary Out-Phasing type amplifier;

FIG. 4 is a diagram illustrating an implementation of the
configuration example as illustrated in FIG. 3;

FIG. 5 is a diagram of a Smith chart illustrating the load
from the amplifying element to the output side in the Out-
Phasing type amplifier as illustrated in FIG. 3;

FIG. 6 is a diagram illustrating a configuration example of
an amplifying apparatus 100 according to one embodiment;

FIG. 7 is a diagram illustrating an example of a specific
implementation of the configuration example as illustrated in
FIG. 6;

FIG. 8 is a diagram of a Smith chart illustrating the load
from an output synthesis point to a first amplifying element;

FIG. 9 is a diagram of a Smith chart illustrating the load
from an output synthesis point to a second amplifying ele-
ment;

FIG. 10 is a diagram of a graph illustrating the relation
between an output and efficiency in the amplifying apparatus
100;

FIG. 11 is a diagram illustrating a configuration example of
an amplifying apparatus 1100 according to one embodiment;

FIG. 12 is a diagram of a Smith chart illustrating the load
from an output synthesis point to a second amplifying ele-
ment;

FIG. 13 is a diagram illustrating a configuration example of
an amplifying apparatus 400 according to one embodiment;

FIG. 14 is a diagram of a Smith chart illustrating the load
from an output synthesis point to a first amplifying element;

FIG. 15 is a diagram of a Smith chart illustrating the load
from an output synthesis point to a second amplifying ele-
ment;

FIG. 16 is a diagram illustrating a configuration example of
an amplifying apparatus 700 according to one embodiment;

FIG. 17 is adiagram of a Smith chart illustrating the change
in the load of a carrier amplifier in the Doherty type amplifier
as illustrated in FIG. 1; and

FIG. 18 is adiagram of a Smith chart illustrating the change
in the load of a carrier amplifier in the amplifying apparatus
700.

DESCRIPTION OF EMBODIMENTS

(Comparative Example)

First, a comparative example of an amplifying apparatus
according to one embodiment is described with reference to
the drawings. The proportion of data communications per-
formed by mobile phones is becoming larger than the propor-
tion of audio communications and faster data communica-
tions are expected for the mobile phones. A wider bandwidth
for transmitting signals is expected to be achieved for the
faster data communications. In the Doherty type amplifiers
and the Out-Phasing type amplifiers, a A/4 line, namely, a
quarter-wave line or a line with the total length of A/2 is
included in the circuit and the amplifiers face a problem that
wider bandwidth cannot be easily achieved. For example, the
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length of the A/4 line is /4 at the center frequency of the
bandwidth but the length of the line becomes shorter than A/4
for the wavelength at the lower edge of the bandwidth. On the
other hand, the length of the line becomes longer than A./4 for
the wavelength at the upper edge of the bandwidth.

FIG. 3 is a diagram illustrating a configuration example of
a normal Out-Phasing type amplifier. The first and second
amplifying elements are equivalent and set with a bias con-
dition. In addition, the electrical properties of the first and
second output matching circuits are equivalent to each other.
The first and second output matching circuits respectively
include a main line, a fundamental harmonic matching circuit
and a harmonic processing circuit. The harmonic processing
circuit is set with a condition so that the efficiency is maxi-
mized when the fundamental harmonic load is represented by
real numbers. The fundamental harmonic is a wave with a
frequency of the center of the frequency band for signals
amplified by an amplifier. The fundamental harmonic length
is the length of the fundamental harmonic. The fundamental
frequency is the frequency of the fundamental harmonic.
When a transmission line with an electrical length @ and a
transmission line with an electrical length [ are connected
with the junction for the output, each amplifying element can
operate with low output electricity and achieve high effi-
ciency. It is noted that the sum of the electrical lengths o and
[ is A/2 of the fundamental harmonic, which corresponds to a
propagation phase of n.

In addition, FIG. 4 is a diagram illustrating an implemen-
tation example of the configuration as illustrated in FIG. 3.
The input side of the first amplifying element in FIG. 3
corresponds to an input substrate 1 in FIG. 4. And the input
side ofthe second amplifying element corresponds to an input
substrate 2 in FIG. 2. The first and second output matching
circuits and the coupled circuits and the output as illustrated
in FIG. 3 correspond to a main line pattern, harmonic circuits,
fundamental harmonic matching circuits and the like in FIG.
4. The amplification achieved in FIG. 4 is similar to the
amplification achieved in FIG. 3.

However, since the frequencies of the input signals used in
FIGS. 3 and 4 differ from each other, the stub lengths of the
harmonic wave circuit and the fundamental harmonic match-
ing circuit differ from each other. Nonetheless, the amplifi-
cations achieved in FIGS. 3 and 4 are substantially the same.
For example, the stab lengths for the harmonic circuits in
FIGS. 3 and 4 include the line lengths used for short-circuit-
ing the harmonic waves generated from the amplifying ele-
ments, that is, for reflecting the harmonic waves.

FIG. 5 is a diagram illustrating a Smith chart of the load
from the amplifying element to the output side in the Out-
Phasing type amplifier in FIG. 3. In the Smith chart in FIG. 5,
the horizontal axis represents the real part of the reflection
coefficient and the vertical axis represents the imaginary part
of the reflection coefficient. The reflection coefficient and the
load are in a one-to-one relation. The same applies to Smith
charts described hereinafter.

The ellipsoidal closed curve 10 represents an example of a
contour line of the efficiency of the load of the amplifying
element. The closed curve 10 means a condition in which the
efficiency increases when the load from the connection point
of the amplifying element and the matching circuit to the
output side is variable. The condition corresponds to a posi-
tion at which the efficiency is a predetermined value. The
inner the position is in the closed curve 10 the higher the
efficiency is. The area enclosed by the closed curve 10 is an
area in which the efficiency is higher than the predetermined
value. The load in the area achieves an operation with effi-
ciency higher than the predetermined value. Thus, when the
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loads corresponding to the inner positions in the closed curve
10 are achieved in a wide output range, the amplifier operates
with higher efficiency.

On the other hand, the solid line 20 represents the value of
the load from the output synthesis point to the first amplifier
element side and the dotted line 30 represents the value of the
load from the output synthesis point to the second amplifier
element side. As for the signals which are subject to ampli-
tude-phase conversions in the Out-Phasing type amplifier, the
load from the connection point to each amplifying element
when the phase difference varies from 0 degree to 180 degree
moves outward from the center in the Smith chart. In order to
bring the locus of the movement of the load closer to the
closed curve 10, a line is inserted between the output synthe-
sis point and the first amplifying element to achieve a phase
angle o and the phase in the Smith chart is rotated.

The solid line 22 represents the value of the load from the
output synthesis point to the first amplifying element after the
rotation. The solid line 22 is obtained by rotating the solid line
20 by an angle 2a around the maximum output point. In
addition, a line is inserted between the output synthesis point
and the second amplifying element to achieve a phase angle §
and the phase in the Smith chart is rotated. The solid line 32
represents the value of the load from the output synthesis
point to the second amplifying element after the rotation. The
solid line 32 is obtained by rotating the solid line 30 by an
angle 23 around the maximum output point.

Generally, a passing phase obtained by adding the length of
the line which achieves the phase angle o and the length of the
line which achieves the phase angle [ is n. Although the
passing phase represents the correct value at the central fre-
quency in the amplified bandwidth, the wave length at the
central frequency differs from the wave lengths at the lower
limit and the upper limit in the bandwidth. Therefore, when
the length of the line increases, it is more difficult to achieve
the advantageous performance throughout a wide bandwidth.
In a general configuration, a reflection phase of a second-
order harmonic is set as the same value to the tow amplifying
elements. It is noted that the second-order harmonic is put in
a short circuit condition. With the above comparative
example in mind, it is an object in the below embodiments to
provide an amplifying apparatus which can achieve high effi-
ciency and can be applicable to a wide bandwidth. The
embodiments are described below with reference to the draw-
ings. Since the configurations described in the embodiments
are mere examples, the configurations disclosed herein are
not limited to the specific configurations in the embodiments.
Any specific configurations according to the embodiments
can be employed for enabling the disclosed configurations.

Embodiments

In A Doherty type amplifier or an Out-Phasing type ampli-
fier, the output side of each matching circuit of the tow ampli-
fying elements is connected with the output via a A/4 line or
a line with the total length of A/2. These lines can achieve an
optimum load with which the conversion efficiency can be
optimized at the fundamental frequency. Generally, the
matching circuit is connected with a harmonic processing
circuit for reflecting harmonics in order to achieve a high
efficient operation of the amplifying element. When the
reflection phase of the harmonic processing circuit of the
amplifying element is different from the reflection phase
achieved by ordinary approaches such as a Class F amplifier
and an inverse Class F amplifier, the load condition for the
fundamental harmonic in order to achieve the high efficiency
is changed. This means that the line length of the circuit to
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achieve the optimum load for the fundamental harmonic can
be controlled by the position of the harmonic processing
circuit. Thus, a connection circuit provided at the output side
can be shorten or omitted and a wide bandwidth can be
achieved by setting the position of the harmonic processing
circuit to shorten the line length.

(Configuration Example 1-1)

FIG. 6 is a diagram illustrating a configuration example of
an amplifying apparatus 100 in one embodiment. The ampli-
fying apparatus 100 is an Out-Phasing type amplifying appa-
ratus. The amplifying apparatus 100 as illustrated in FIG. 6
includes an amplitude-phase conversion unit 102, a first
amplifying element 112, a first output matching circuit 150, a
second amplifying element 122, a second output matching
circuit 160 and an output synthesis point 130. The first output
matching circuit 150 includes a harmonic processing circuit
114, a fundamental harmonic matching circuit 116 and a main
line 118. The second output matching circuit 160 includes a
harmonic processing circuit 124, a fundamental harmonic
matching circuit 126 and a main line 128.

The amplitude-phase conversion unit 102 converts an input
signal S(t) to two signals with an amplitude and a phase
difference depending on the amplitude of the input signal.
The amplitude-phase conversion unit 102 outputs one of the
converted signals to the first amplifying element 112 and
outputs the other of the converted signals to the second ampli-
fying element 122. The signal S1(¢) output to the first ampli-
fying element 112 and the signal S2(¢) output to the second
amplifying element 122 can be expressed as follows.

S1()=Me~°

S2(5)=Me'®

It is noted that M represents a maximum value of the input
signal S(t). In addition, it is noted that 6 is a value which
equals to half of the phase difference between the signals
S1(¢) and S2(¢) based on the amplitude of the signal S(t). M
and 0 can be expressed as follows.

M = max(|S()])
_(Sw
8 = cos (7]

It is noted that when 0 is 0, the amplitude of the output signal
from the amplifying apparatus 100 reaches the maximum
value. In addition, it is noted that when 6 is /2, the amplitude
of the output signal from the amplifying apparatus 100
reaches 0.

The first amplifying element 112 amplifies the signal S1(7).
The amplitude M of the signal S1(¢) is constant. Therefore, an
element which can efficiently amplify the signal with the
amplitude M is selected as the first amplifying element 112.

The harmonic processing circuit 114 is a circuit for deter-
mining impedance for the second-order harmonic in the
amplifying apparatus 100. The harmonic processing circuit
114 is provided at a position which is closer to the first
amplifying element 112 than the position determined by the
condition in which the efficiency can be maximized when the
load ofthe fundamental harmonic is represent by real number.
With this arrangement, the reflection phase of the harmonic
becomes capacitive. The harmonic processing circuit 114 is
an open stab with the length of A/8 of the fundamental har-
monic in the case of the second-order harmonic. The har-
monic processing circuit 114 is connected in parallel with the
first amplifying element 112.



US 9,319,012 B2

7

The fundamental harmonic matching circuit 116 is a circuit
for achieving impedance matching for the fundamental har-
monic, namely, fundamental harmonic frequency in the
amplifying apparatus 100.

The main line 118 is provide between the first amplifying
element 112 and the output synthesis point 130. The har-
monic processing circuit 114 and the fundamental harmonic
matching circuit 116 are connected with the main line 118.

The second amplifying element 122 amplifies the signal
S2(?). The amplitude M of the signal S2(7) is constant. There-
fore, an element which can effectively amplifying the signal
with the amplitude M is selected as the second amplifying
element 122.

When the gain for the amplitude M of the first amplifying
element 112 is denoted by A and the gain for the amplitude M
of the second amplifying element 122 is denoted by B, the
output signal S11(¢) from the first amplifying element 112
and the output signal S21(¢) from the second amplifying
element 122 can be expressed as follows.

S11(H)=AMe™®

S21(t)=BMe®

The harmonic processing circuit 124 is a circuit for determin-
ing impedance for the second-order harmonic of the funda-
mental harmonic in the amplifying apparatus 100. The har-
monic processing circuit 124 is provided at a position which
is farther away from the second amplifying element 122 than
the position determined by the condition in which the effi-
ciency can be maximized when the load of the fundamental
harmonic is represent by real number. With this arrangement,
the reflection phase of the harmonic becomes inductive. The
harmonic processing circuit 124 is an open stab with the
length of A/8 of the fundamental harmonic in the case of the
second-order harmonic. The harmonic processing circuit 124
is connected in parallel with the first amplifying element 122.

The position of the harmonic processing circuit 114 rela-
tive to the first amplifying element 112 differs from the posi-
tion of the harmonic processing circuit 124 relative to the
second amplifying element 122.

The fundamental harmonic matching circuit 126 is a circuit
for achieving an impedance matching for the fundamental
harmonic, namely, the fundamental harmonic frequency in
the amplifying apparatus 100.

The main line 128 is provide between the second amplify-
ing element 122 and the output synthesis point 130. The
harmonic processing circuit 124 and the fundamental har-
monic matching circuit 126 are connected with the main line
128.

The outputs from the first amplifying element 112 and the
second amplifying element 122 are subject to a fundamental
harmonic matching and then directly synthesized with each
other at the output synthesis point 130.

The reflection coefficient p1 at the output synthesis point
130 on the side of the first amplifying element 112 can be
expressed as follows. It is assumed here that half of the
amplitude of the output from the first amplifying element 112
is reflected at the output synthesis point 130 and that half of
the amplitude of the output from the second amplifying ele-
ment 122 is reflected at the output synthesis point 130 and
input into the first amplifying element 112 side.

0.5 AMe ¥ +0.5 BMef®
pl= -
AMe 8
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The gain A for the first amplifying element 112 and the gain
B for the second amplifying element 122 are the same in the
Out-Phasing type amplifier. With this relationship (A=B), the
reflection coefficient p1 can be expressed as follows.

p1=0.5(-1+¢2%)

Similarly, the reflection coefficient p2 can be expressed as
follows.

p2=0.5(-1+¢72%)

Additionally, FIG. 7 is a diagram illustrating a specific
example of the implementation of the configuration as illus-
trated in FIG. 6. The input side of the first amplifying element
112 and the input side of the second amplifying element 122
as illustrated in FIG. 6 correspond to an input substrate 140 in
FIG. 7. The first and second output matching circuit 150, 160
and the outputs from the circuits correspond to the pattern of
a main line 160, harmonic processing circuits 114, 124, and
fundamental harmonic matching circuits 116, 126 etc.
formed on the output substrate 150. The operations per-
formed in FIG. 7 are similar to the amplification operations
performed in FIG. 6. However, since the frequencies of the
input signals are different between the circuits in FIGS. 6 and
7, the stub lengths of the harmonic processing circuits and the
fundamental harmonic matching circuits are different
between FIGS. 6 and 7. Nonetheless, the operations of the
harmonic processing circuits and the fundamental harmonic
matching circuits are substantially equivalent between FIGS.
6 and 7.

FIG. 8 is a diagram of a Smith chart illustrating an example
of'the load from the output synthesis point to the first ampli-
fying element. An ellipsoidal closed curve 210 is similar to
the closed curve 10 as illustrated in FIG. 5. A closed curve 212
is ellipsoidal and represents an area, namely, a condition in
which the efficiency increases when the load is varied at a
position between the position at which the first amplifying
element 112 is connected with the matching circuit and the
output side. The area inside ofthe closed curve 212 represents
an area in which the efficiency is higher than a predetermined
value. The solid line 220 represents values of the load from
the output synthesis point 130 to the first amplifying element
112. And the broken line represents values of the load from
the output synthesis point 130 to the second amplifying ele-
ment 122.

When the reflection phase of the second-order harmonic on
the side of the first amplifying element 112 is shifted to be
capacitive, the closed curve 212 is shifted to be closer to the
inductive side than the closed curve 210 is to the inductive
side. The closed curve 212 is closer to the solid line 220.
Therefore, the amplifying apparatus 100 which is an Out-
Phasing type amplifier can use a signal to which an ampli-
tude-phase conversion is performed to set an optimum load
condition of the first amplifying element 112 at a position
near the load from the output synthesis point 130 to the first
amplifying element 112 which is determined when the phase
is changed. That is, the amplifying apparatus 100 can set an
area in which the efficiency increases to be closer to the load
from the output synthesis point 130 to the first amplifying
element 112 without use of a transmission line.

FIG. 9 is a diagram of a Smith chart illustrating an example
of the load from the output synthesis point to the second
amplifying element. The ellipsoidal closed curve 310 is simi-
lar to the closed curve 10 as illustrated in FIG. 5. The closed
curve 312 is ellipsoidal and represents an area, namely, a
condition in which the efficiency increases when the load is
varied on the output side for the connection point at which the
second amplifying element 122 is connected with the match-



US 9,319,012 B2

9

ing circuit. The efficiency is higher than a predetermined
value in the area inside of the closed curve 312. The solid line
320 represents values of the load from the output synthesis
point to the first amplifying element 112. The solid line 320 is
the locus of the load when the value 0 of the reflection coef-
ficient p1 is changed from O to 7/2. The broken line 330
represents values of the load from the output synthesis point
to the second amplifying element 122. The broken line 330 is
the locus of the load when the value 0 of the reflection coef-
ficient p2 is changed from 0 to 7t/2.

When the reflection phase of the second-order harmonic on
the side of the second amplifying element 122 is changed to
be inductive, the closed curve 312 is shifted to be closer to the
capacitive side than the closed curve 310 is to the capacitive
side. The closed curve 312 is closer to the broken line 330.
Therefore, the amplifying apparatus 100 which is an Out-
Phasing type amplifier can use a signal which is subject to an
amplitude-phase conversion to set an optimum load condition
of the second amplifying element 122 at a position near the
load from the output synthesis point 130 to the second ampli-
fying element 122 which is determined when the phase is
changed. That is, the amplifying apparatus 100 can set an area
in which the efficiency increases to be closer to the load from
the output synthesis point 130 to the first amplifying element
122 without use of a transmission line.

FIG. 10 is a diagram of a graph illustrating a relation
between the output and efficiency of the amplifying apparatus
100. In FIG. 10, the horizontal axis represents the output and
the vertical axis represents the efficiency. The range of the
amplitude of the output for the amplifying apparatus 100 can
be determined in advance based on the input signals from an
apparatus in the preceding stage etc. Thus, it is desirable to
determine the positions of the harmonic processing circuits
114 and 124 in the predetermined range of the amplitude of
the output determined in advance so that the efficiency of the
amplifying apparatus can be increased. Namely, when the
output range spans from the point P to the point Q, it is
desirable to determine the position of the harmonic process-
ing circuits 114 and 124 so that the value of integral of the
efficiency between the point P and the point Q increases.

The amplifying apparatus 100 can set an optimum load for
achieving high efficiency without inserting a transmission
line for phase rotation between the output synthesis point 130
and a matching circuit for each amplitying element, by setting
different second-order harmonic reflection phases for the two
amplifying elements as described above. Therefore, since the
line length can be 0, optimum wide-bandwidth operations can
be achieved in the present example.

(Configuration Example 1-2)

The configuration example 1-2 includes properties in com-
mon with the configuration example 1-1. Thus, the differ-
ences are described here and the descriptions of the similari-
ties are omitted here.

In the configuration example 1-1, one of the harmonic
processing circuits connected with the main line is shifted to
the capacitive property and the other of the harmonic process-
ing circuits is shifted to the inductive property so that the
range of load for achieving high efficiency is closer to the
locus of the load from the output synthesis point to each
amplifying element in the Smith chart. However, the range
within which the harmonic processing circuit connected with
the main line can be moved is a predetermined range depend-
ing on the physical shape of the main line etc. Therefore,
some amplifying apparatus may face a difficulty to set the
range of the load for high efficiency closer to the locus of the
load from the output synthesis point to each amplifying ele-
ment in the Smith chart in the configuration example 1-1. In

10

20

25

30

40

45

50

55

10

this example, a transmission line is inserted between the main
line and the output synthesis point to rotate the locus of the
load. Thus, the range of the load for achieving high efficiency
can be set to be closer to the locus of the load from the output
synthesis point to each amplifying element in the Smith chart.

FIG.111is a diagram illustrating a configuration example of
the amplifying apparatus 1100 in the present example. The
amplifying apparatus 1100 is an Out-Phasing type amplifying
apparatus. The amplifying apparatus 1100 includes an ampli-
tude-phase conversion unit 1102, a first amplifying element
1112 and a first output matching circuit 1150. In addition, the
amplifying apparatus 1100 includes a second amplifying ele-
ment 1122, a second output matching circuit 1160, a trans-
mission line 1120 and the output synthesis point 1130. The
first output matching circuit 1150 includes a harmonic pro-
cessing circuit 1114, a fundamental harmonic matching cir-
cuit 1116 and a main line 1118. The second output matching
circuit 1160 includes a harmonic processing circuit 1124, a
fundamental harmonic matching circuit 1126 and a main line
1128.

The configurations of the amplitude-phase conversion unit
1102 and the output synthesis point 1130 are similar to the
configurations of the amplitude-phase conversion unit 102
and the output synthesis point 130 of the amplitying appara-
tus 100 respectively. The configurations of the first amplify-
ing element 1112, the harmonic processing circuit 1114, the
fundamental harmonic matching circuit 1116 and the main
line 1118 are similar to the configurations of the first ampli-
fying element 112, the harmonic processing circuit 114, the
fundamental harmonic matching circuit 116 and the main line
118 of the amplifying apparatus 100 respectively. Addition-
ally, the configurations of the second amplifying element
1122, the harmonic processing circuit 1124, the fundamental
harmonic matching circuit 1126 and the main line 1128 are
similar to the configurations of the second amplifying ele-
ment 122, the harmonic processing circuit 124, the funda-
mental harmonic matching circuit 126 and the main line 128
of the amplifying apparatus 100 respectively.

The transmission line 1129 is inserted between the main
line 1128 and the output synthesis point 1130. The transmis-
sion line 1129 is a transmission line, or an impedance con-
version circuit, with an electrical length corresponding to a
phase angle of y which is smaller than rt. The transmission line
1129 rotates the phase of the output by an angle of 2y. Since
the transmission line 1129 is provided, the locus of the load
from the output synthesis point 1130 to the second amplifying
element 1122 rotates in the Smith chart by an angle of 2y
around the maximum output point. This rotation differs from
the case in which the transmission line 1129 is not inserted.

FIG. 12 is a diagram of a Smith chart illustrating an
example of the load from the output synthesis point to the
second amplifying element. The ellipsoidal closed curve
1310 is similar to the closed curve 10 as illustrated in FIG. 5.
The closed curve 1314 is ellipsoidal and represents an area in
which the efficiency increases when the load is varied
between the output and the point at which a matching circuit
is connected with the second amplifying element 1122. The
solid line 1320 represents values of the load from the output
synthesis point to the first amplifying element 1112. The
broken line 1330 is similar to the broken line 330 as illustrated
in FIG. 9. The broken line 1332 is values of the load from the
output synthesis point to the second amplifying element
1122. The transmission line for achieving a phase angle of y is
inserted between the output synthesis point 1130 and the
main line 1128. Therefore, the locus of the load from the
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output synthesis point 1130 to the second amplifying element
1122 rotates by an angle of 2y around the maximum output
point.

When the reflection phase of the second-order harmonic on
the side of the second amplifying element 1122 is shifted to
the inductive property, the closed curve 1314 is shifted to be
closer to the capacitive property than the closed curve 1310.
That is, the closed curve 1314 is closer to the broken line
1330. However, it is difficult in some cases to shift the closed
curve 1314 closerto the inductive property due to the physical
shape of the main line 1128 etc. In this case, changing the
position of the harmonic processing circuit may not achieve
an amplitying apparatus with high efficiency. In the present
example, the transmission line 1129 with an electrical length
of'y is inserted between the main line 1128 and the output
synthesis point 1130. Thus, the locus of the load rotates by an
angle of 2y around the maximum output point and the locus
can be adjusted to achieve such high efficiency.

With the configurations as described above, an optimum
load condition of the second amplifying element 1122 can be
set near the load from the output synthesis point 1130 to the
second amplifying element 1122 when the phase is varied
with a signal which is subject to an amplitude-phase conver-
sion in the amplifying apparatus 1100. That is, the amplifying
apparatus 1100 can use a transmission line with an electrical
length shorter than 7 (A/2) to shift the area for achieving high
efficiency to the locus of the load from the output synthesis
point 1130 to the second amplifying element 1122 in the
Smith chart.

In the present example, a transmission line can be inserted
between the main line 1118 and the output synthesis point
1130 instead of inserting a transmission line 1129 between
the main line 1128 and the output synthesis point 1130. In this
case, the locus of the load from the output synthesis point
1130 to the first amplifying element 1112 is rotated according
to the electrical length of the transmission line. Further, a
transmission line can be inserted between the main line 1118
and the output synthesis point 1130 and between the main line
1128 and the output synthesis point 1130.

The amplifying apparatus 1100 can an optimum load for
achieving operations with high efficiency by shifting the two
reflection phases of second-order harmonic of the two ampli-
fying elements as described above and by inserting a trans-
mission line for the phase rotation between the output syn-
thesis point 1130 and the amplifying element. Thus, since the
length of the transmission line can be shortened, optimum
wide-bandwidth operations can be achieved in the present
example.

(Configuration Example 2)

FIG. 13 is a diagram illustrating a configuration example of
an amplifying apparatus 400 according to the present
example. The amplifying apparatus 400 is an Out-Phasing
type amplifying apparatus. The amplifying apparatus 400 as
illustrated in FIG. 13 includes an amplitude-phase conversion
unit 402, a first amplifying element 412, a first output match-
ing circuit 450, a second amplifying element 422, a second
output matching circuit 460 and an output synthesis point
430. The first output matching circuit 450 includes a har-
monic processing circuit 414, a fundamental harmonic
matching circuit 416 and a main line 418. The second output
matching circuit 460 includes a harmonic processing circuit
424, a fundamental harmonic matching circuit 426 and a main
line 428. The harmonic processing circuit 414 and the har-
monic processing circuit 424 is a harmonic processing circuit
for the third-order harmonic.

The amplitude-phase conversion unit 402 converts an input
signal S(t) to two signals with an amplitude with a phase
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difference determined depending on the amplitude of the
input signal. The amplitude-phase conversion unit 402 out-
puts one of the converted signals to the first amplifying ele-
ment 412 and the other of the converted signals to the second
amplifying element 422. The signal S1(¢) output to the first
amplifying element 412 and the signal S2(7) output to the
second amplifying element 422 are similar to the signals as
described in Configuration Example 1.

The first amplifying element 412 amplifies the signal S1(7).
The amplitude M of the signal S1(¢) is constant. Therefore, an
element which amplifies signals with an amplitude M with
high efficiency is selected as the first amplifying element 412.

The harmonic processing circuit 414 is a circuit for deter-
mining the impedance for the third-order harmonic of the
fundamental harmonic in the amplifying apparatus 400. The
harmonic processing circuit 414 is provided at a position set
farther from the first amplifying element 412 than the position
set based on the phase condition with which the efficiency
increases when the load for the fundamental harmonic is
represented by real number. With this arrangement, the
reflection phase of the harmonic becomes capacitive. The
harmonic processing circuit 414 is, for example, an open stub
with a length of A/12 of the fundamental harmonic in case of
a third-order harmonic. The harmonic processing circuit 414
is connected in parallel with the first amplifying element 412.

The fundamental harmonic matching circuit 416 is a circuit
for achieving impedance matching for the fundamental har-
monic, namely, the fundamental frequency in the amplifying
apparatus 400.

The second amplifying element 422 amplifies the signal
S2(?). The amplitude M of the signal S2(7) is constant. There-
fore, an element which amplifies signals with an amplitude M
with high efficiency is selected as the second amplifying
element 422.

The harmonic processing circuit 424 is a circuit for deter-
mining the impedance for the third-order harmonic of the
fundamental harmonic in the amplifying apparatus 400. The
harmonic processing circuit 424 is provided at a position set
farther from the second amplifying element 422 than the
position set based on the phase condition with which the
efficiency increases when the load for the fundamental har-
monic is represented by real number. With this arrangement,
the reflection phase of the harmonic becomes inductive. The
harmonic processing circuit 424 is, for example, an open stub
with a length of A/12 of the fundamental harmonic in case of
a third-order harmonic. The harmonic processing circuit 424
is connected in parallel with the second amplifying element
422.

The fundamental harmonic matching circuit 426 is a circuit
for achieving impedance matching for the fundamental har-
monic, namely, the fundamental frequency in the amplifying
apparatus 400.

The first amplifying element 412 and the second amplify-
ing element 422 is directly connected with the output synthe-
sis point 430 after the fundamental harmonic matching is
achieved.

FIG. 14 is a diagram of an example of a Smith chart
illustrating loads from the output synthesis point to the first
amplifying element. The ellipsoidal closed curve 510 is simi-
lar to the closed curve 10 as illustrated in FIG. 5. The closed
curve 512 is ellipsoidal and represents an area (condition) in
which the efficiency increases when the load is varied at a
position between the position at which the first amplifying
element 412 is connected with the matching circuit and the
output side. The solid line 520 represents values of the load
from the output synthesis point to the first amplifying element
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412. And the broken line 530 represents values of the load
from the output synthesis point to the second amplifying
element 422.

When the reflection phase of the third-order harmonic on
the side of the first amplifying element 412 is shifted to be
capacitive, the closed curve 512 is shifted to be closer to the
inductive side than the closed curve 510 is to the inductive
side. The closed curve 512 is closer to the solid line 520.
Therefore, the amplifying apparatus 400 which is an Out-
Phasing type amplifier can use a signal which is subject to an
amplitude-phase conversion to set an optimum load condition
of'the first amplifying element 412 at a position near the load
from the output synthesis point 430 to the first amplifying
element 412 which is determined when the phase is changed.
That is, the amplifying apparatus 400 can set an area in which
the efficiency increases to be closer to the load from the output
synthesis point 430 to the first amplifying element 412 with-
out use of a transmission line.

FIG. 15 is a diagram of a Smith chart illustrating an
example of the load from the output synthesis point to the
second amplifying element. The ellipsoidal closed curve 610
is similar to the closed curve 10 as illustrated in FIG. 5. The
closed curve 612 is ellipsoidal and represents an area (condi-
tion) in which the efficiency increases when the load is varied
on the output side for the connection point at which the
second amplifying element 422 is connected with the match-
ing circuit. The solid line 620 represents values of the load
from the output synthesis point to the first amplifying element
412. And the broken line 630 represents values of the load
from the output synthesis point to the second amplifying
element 422.

When the reflection phase of the third-order harmonic on
the side of the second amplifying element 422 is shifted to be
inductive, the closed curve 612 is shifted to be closer to the
inductive side than the closed curve 610 is to the capacitive
side. The closed curve 612 is closer to the broken line 630.
Therefore, the amplifying apparatus 400 which is an Out-
Phasing type amplifier can use a signal which is subject to an
amplitude-phase conversion to set an optimum load condition
of the second amplifying element 422 at a position near the
load from the output synthesis point 430 to the second ampli-
fying element 422 which is determined when the phase is
changed. That is, the amplifying apparatus 400 can set an area
in which the efficiency increases to be closer to the load from
the output synthesis point 430 to the second amplifying ele-
ment 422 without use of a transmission line.

The amplifying apparatus 400 can set an optimum load for
achieving high efficiency without inserting a transmission
line for phase rotation between the output synthesis point 430
and a matching circuit for each amplitying element, by setting
different third-order harmonic reflection phases for the two
amplifying elements as described above. Therefore, since the
line length can be 0 or shortened, optimum wide-bandwidth
operations can be achieved in the present example.

Similar to the configurations in Configuration Example
1-2, the locus of the load can be rotated to be closer to an area
in which the high efficiency as described above can be
achieved by inserting a transmission line between the main
line and the output synthesis point in Configuration Example
2.

The configurations as described above can be employed
when both a harmonic processing circuit for the second-order
harmonic and a harmonic processing circuit for the third-
order harmonic are used in the amplifying apparatus 400. In
addition, other harmonic processing circuits for the fourth-
order harmonic, the fifth-order harmonic etc. can be used in
the amplifying apparatus 400. In this case, harmonic process-
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ing circuits for odd-order harmonic are configured in accor-
dance with the harmonic processing circuit for second-order
harmonic as described in Configuration Examples 1-1 and
1-2, and harmonic processing circuits for even-order har-
monic are configured in accordance with the harmonic pro-
cessing circuit for third-order harmonic as described in Con-
figuration Example 2.

(Configuration Example 3)

FIG.161s a diagram illustrating a configuration example of
an amplifying apparatus 700 according to the present
example. The amplifying apparatus 700 is a Doherty type
amplifying apparatus. The amplifying apparatus 700 as illus-
trated in FIG. 16 includes a carrier amplifier 712, a first output
matching circuit 750, a peak amplifier 722, a second output
matching circuit 760, an output synthesis point 730 and a
main line 732. The first output matching circuit 750 includes
a harmonic processing circuit 714, a fundamental harmonic
circuit 716 and a main line 718. The second output matching
circuit 760 includes a harmonic processing circuit 724, a
fundamental matching circuit 726 and a main line 728. Sig-
nals are input into the amplifying apparatus 700 from a signal
processing unit. The signal processing unit suppresses the
peak input signal power and applies distortions to the input
signals. The signals processes by the signal processing unit
are output to the carrier amplifier 712 and the peak amplifier
722.

The carrier amplifier 712 can operate in an area in which
the input signal power is low. The carrier amplifier 712 is
biased from Class B to Class AB.

The harmonic processing circuit 714 is a circuit for deter-
mining the impedance for the harmonics of the fundamental
harmonic in the amplifying apparatus 700. The harmonic
processing circuit 714 is provided at a position closer to the
carrier amplifier 712 than the position at which the efficiency
increases when the load of the fundamental harmonic is rep-
resented by real number. With this arrangement, the reflection
phases for the harmonics become capacitive.

The fundamental harmonic matching circuit 716 is a circuit
for achieving impedance matching for the fundamental har-
monic, namely, the fundamental frequency in the amplifying
apparatus 700.

The main line 718 is provided between the carrier amplifier
712 and the output synthesis point 730. The harmonic pro-
cessing circuit 714 and the fundamental harmonic processing
circuit 716 are connected with the main line 718.

The carrier amplifier 722 does not operate in an area in
which the input signal power is low and operates when the
input signal power is above a predetermined threshold. The
carrier amplifier 722 is biased to Class C.

The harmonic processing circuit 724 is a circuit for deter-
mining the impedance for the harmonics in the amplifying
apparatus 700.

The fundamental harmonic processing circuit 726 is a cir-
cuit for achieving impedance matching for the fundamental
harmonic, namely, the fundamental frequency in the ampli-
fying apparatus 700.

The main line 728 is provided between the peak amplifier
722 and the output synthesis point 730. The harmonic pro-
cessing circuit 724 and the fundamental harmonic matching
circuit 726 are connected with the main line 728.

The carrier amplifier 712 and the peak amplifier 722 are
connected with each other at the output synthesis point 730
after the matching for the fundamental harmonic is achieved.

The transmission line 732 converts the output load imped-
ance to impedance set near the operation point for the carrier
amplifier 712 at which the high efficiency can be achieved
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when the peak amplifier is switched off. The transmission line
732 is, for example, a quarter-wave impedance conversion
circuit.

FIG. 17 is adiagram of a Smith chart illustrating the change
in the load of a carrier amplifier employed in the Doherty type
amplifier as illustrated in FIG. 1. The closed curve 810 is
ellipsoidal and represents the contour line of the efficiency
achieved by the carrier amplifier. The inner a position is in the
closed curve 810, the higher the efficiency becomes. When
the load corresponding to a point inside of the closed curve
810 is achieved, the amplifier can operate with high effi-
ciency. The broken line 840 represents impedance conversion
by use of a A/4 line. When the A/4 line is employed, the output
load impedance is converted to impedance set near the opera-
tion point for the carrier amplifier at which the high efficiency
can be achieved when the peak amplifier is switched off.

FIG. 18 is adiagram of a Smith chart illustrating the change
in the load of a carrier amplifier employed in the amplifying
apparatus 700. The ellipsoidal closed curve 910 is similar to
the closed curve 810 as illustrated in FIG. 17. The closed
curve 912 is ellipsoidal and represents an area of the load in
which the carrier amplifier 712 operates with high efficiency.
When the reflection phases for the harmonics for the carrier
amplifier 712 are shifted to be capacitive, the area of the load
represented by the closed curve 912 in which the carrier
amplifier 712 operates with high efficiency is shifted to be
more inductive than the area represented by the closed curve
910. The broken line 940 represents the result of impedance
conversion achieved by the transmission line 732. Since the
transmission line 732 is shorter than A/4, the output load
impedance is converted to impedance set near the operation
point for the carrier amplifier at which the high efficiency can
be achieved when the peak amplifier is switched off. With this
arrangement, the transmission line, namely, the impedance
conversion circuit can be shorter than A/4. Since the transmis-
sion line is shortened, the amplifying apparatus 700 can
achieve the output with high efficiency in a wider bandwidth.

Operations and Effects in Embodiments

The amplitying apparatus 100 includes the harmonic pro-
cessing circuit 114 connected in parallel with the first ampli-
fying element 112 and the harmonic processing circuit 124
connected in parallel with the second amplifying element
122. The harmonic processing circuit 114 and the harmonic
processing circuit 124 are shifted from the position (condi-
tion) at which the efficiency increases when the load for the
fundamental harmonic is represented by real number to a
position corresponding to the capacitive side or the inductive
side. When the positions of the harmonic processing circuits
114, 124 are shifted to the capacitive side or the inductive
side, the (reflection) phases of the loads for the harmonics are
shifted to the inductive side or the capacitive side, respec-
tively. And when the position of the harmonic processing
circuits 114, 124 are shifted to the capacitive side or the
inductive side, the (load) areas in which the first amplifying
element 112 and the second amplifying element 122 can
operate with high efficiency are shifted to the capacitive side
or the inductive side, respectively. Since the area in which the
high efficiency can be achieved becomes closer to the locus of
the load from the output synthesis point to the first amplifying
element or the second amplifying element, the efficiency
achieved by the amplifying apparatus 100 can be increased. In
addition, since a transmission line is not used in the amplify-
ing apparatus 100, the amplification can be achieved with
high efficiency in a wider bandwidth.
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Further, when a position at which the harmonic processing
circuit is provided are varied in the amplifying apparatus
1100, the area in which the high efficiency can be achieved is
shifted to the inductive side or the capacitive side. Addition-
ally, when the transmission line 1129 is inserted between the
main line 1128 and an output synthesis point 1130 in the
amplifying apparatus 1100, the locus of the load can be closer
to the area in which the high efficiency can be achieved. Since
the amplitying apparatus 1100 employs the harmonic pro-
cessing circuit and the transmission line, the locus of the load
and the area in which the high efficiency can be achieved are
shifted closer to each other. Moreover, since the length of the
transmission line can be shorter than the electric length of nin
the amplifying apparatus 1100, the amplification can be
achieved with high efficiency in a wider bandwidth.

In addition, when the phase of the load, namely, the reflec-
tion phase for the harmonics such as the second-order har-
monic and the third-order harmonic of the carrier amplifier
712 in the amplifying apparatus 700 is shifted to the capaci-
tive side, the area of the load in which the carrier amplifier 700
can operate with high efficiency is shifted to the inductive
side. Since the area of the load in which the high efficiency
can be achieved is shifted to the inductive side in the ampli-
fying apparatus 700, the length of the transmission line,
namely, the impedance conversion circuit can be shorter than
A4. When the length of the transmission line is shortened as
described above in the amplifying apparatus 700, the ampli-
fication can be achieved with high efficiency in a wider band-
width.

Although specific embodiments are described above, the
configurations described and illustrated in each configuration
example can be arbitrarily combined. Additionally, the con-
figuration described in one configuration example can be
employed in the configuration described in another configu-
ration example.

<<Computer Readable Recording Medium>>

It is possible to record a program which causes a computer
to implement any of the functions described above on a com-
puter readable recording medium. In addition, by causing the
computer to read in the program from the recording medium
and execute it, the function thereof can be provided.

The computer readable recording medium mentioned
herein indicates a recording medium which stores informa-
tion such as data and a program by an electric, magnetic,
optical, mechanical, or chemical operation and allows the
stored information to be read from the computer. Of such
recording media, those detachable from the computer
include, e.g., a flexible disk, a magneto-optical disk, a CD-
ROM, a CD-R/W, a DVD, a DAT, an 8-mm tape, and a
memory card. Of such recording media, those fixed to the
computer include a hard disk and a ROM (Read Only
Memory).

An amplifying apparatus according to the embodiments
can operate with high efficiency in a wide bandwidth.

All example and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present inventions have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.
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What is claimed is:

1. An amplifying apparatus, comprising:

an amplitude-phase conversion unit to separate an input
signal into a first signal with a predetermined amplitude
and a second signal with the predetermined amplitude,
wherein a phase difference between the first signal and
the second signal depends on an amplitude of the input
signal;

a first amplifying unit to amplify the first signal;

a first matching circuit including a main line connected
with the first amplifying unit and a first harmonic pro-
cessing circuit connected with the main line, wherein a
length of the line of the first harmonic processing circuit
short-circuits a harmonic from the first amplifying unit;

a second amplifying unit to amplify the second signal;

a second matching circuit including a main line connected
with the second amplifying unit and a second harmonic
processing circuit connected with the main line of the
second matching circuit, wherein a length of the line of
the second harmonic processing circuit short-circuits a
harmonic from the second amplifying unit; and

an output synthesis unit to synthesize an output from the
first matching circuit and an output from the second
matching circuit,

wherein a distance from the output side of the first ampli-
fying unit to a position at which the first harmonic pro-
cessing circuit is connected with the main line of the first
matching circuit differs from a distance from the output
side of the second amplifying unit to a position at which
the second harmonic processing circuit is connected
with the main line of the second matching circuit.
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2. The amplifying apparatus according to claim 1, further
comprising: a transmission line provided between the second
matching circuit and the output synthesis unit, wherein an
electrical length of the transmission line is shorter than %2 of
a fundamental wavelength of a signal amplified by the ampli-
fying apparatus, wherein the first matching circuit and the
output synthesis unit are directly connected with each other.

3. An amplifying apparatus, comprising:
a carrier amplifier and a peak amplifier, wherein a har-

monic signal is input into the carrier amplifier and the
peak amplifier in parallel;

a first matching circuit including a first harmonic process-
ing circuit connected in parallel with the carrier ampli-
fier;

a second matching circuit including a second harmonic
processing circuit connected in parallel with the peak
amplifier; and

a transmission line connected with the first matching cir-
cuit, wherein an electrical length of the transmission line
is shorter than Y4 of a fundamental wavelength of a
signal amplified by the amplifying apparatus,

wherein a distance from the output side of the carrier
amplifier to a position at which the first harmonic pro-
cessing circuit is connected in parallel with the carrier
amplifier differs from a distance from the output side of
the peak amplifier to a position at which the second
harmonic processing circuit is connected in parallel with
the peak amplifier.

#* #* #* #* #*



